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This revised Technical Memorandum [TM] incorporates suggestions provided by SCDHEC 
after review of the original TM at the November 2000 BCT meeting. 

Introduction 
Polycyclic aromatic hydrocarbons (PAHs) are detected in environmental media at the CNC, 
including areas that did not have site-specific operations involving PAHs. Grid soil samples 
collected from un-impacted industrial and non-industrial areas also had detectable levels of 
PAHs. Since human health and ecological protection based criteria (e.g., RBC values) for 
several PAHs are below typical detection Lirmts, any detection of these PAHs indicates an 
exceedence of an RBC value. Because PAHs are detected across the CNC, with similar 
distribution at sites (i.e., SWMU / AOCs) and non-sites, remediation of the PAHs strictly 
based on RBCs is not technically feasible or defensible. 

The RCLA Facility Lnvestigations (RFIs) conducted ~3 date for CNC did not include an 
evaluation of or establish a "background" or reference PAH concentration. This technical 
memorandum presents an approach for estimating a reference or base-specific background 
value for PAWS in soils at the CNC. This approach follows the EPA Region IV guidance for 
evaluating background values for risk management decisions (EPA, 1998). The approach 
that is proposed in this paper provides a reference PAH value that may be used as a guide 
during site-specific risk management decision making by the BCT. The PAH reference value 
is not proposed as an absolute number to determine when active remediation must be 
implemented. 

PAH Occurrence in the Environment 
PAHs are a group of chemicals that are formed during the incomplete burning of coal, oil, 
gas, wood, garbage, or other organic substances, such as tobacco, and charbroiled meat. 
PAHs are ubiquitous in the urban environment and ~enerally occur as complex mixtures, 
not as single compounds. There are more than 100 different PAHs. Table 1 provides typical 
representative PAH concentrations reported by ATSDR in rural, agricultural and urban soil 

Qes. 

Calculation of BEQ Values 
About 15 PAHs are typically included in analytical list at  hazardous waste sites, due to their 
relatively higher toxicity, and are, hence, part of the EPA's Target Compound List (TCL). Of 
these, 7 are identified as carcinogenic PAHs. Table 2 presents the TCL PAHs and identifies 
tlw seven carcinogenic PAHs. Each of these carcinogenic PAHs is assigned a toxicity 
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equivalency factor (TEF) relahve to benzo(a)pyrene. To calculate a benzo(a) pyrene 
equivalent (BEQ) value for a sample, the value for each of these seven PAHs is first 
multiplied by its respechve TEF. The sum of the seven resulting values is the BEQ value for 
that sample. 

PAH Sources at CNC 
A variety of sources are likely to have contributed PAHs to the environment at CNC. At 
sites where petroleum products or waste oil handling operations were performed, PAHs in 
soils could have originated from these site operations. However, a variety of other PAH 
sources could also have contributed PAHs to the soils. These other potential sources 
include: 

coal-tar/creosote used in asphalt roads, and railroad ties, 
oil leaks from motor vehicles (automobiles, train engines, buses, tractor trailers), 
exhaust air emissions from motor vehicles, 
air emissions from coal burning facilities (steam plant, steam engines, incinerators) 
air emissions from Naval ships, 
spraying of used oils mixed with pesticide formulations. 

The precise source of PAHs detected within CNC can not be established due to ubiquitous 
occurrence and high variation in the detected concentration levels, age of the source, and 
varied rates of weathering of the source material in surface and subsurface environments in 
which it is incorporated. 

The relative proportian of the PAHs in various petroleum hydrocarbons, creosote/coal tar 
materials were reported by several authors. Some of these references are listed here: 1) 
Millner, James, and Nye, 1992; 2) Heath, Koblis, and Sager, 1993; 3) ATSDR, 1995; 4) ATSDR, 
1994- Toxicological Profile for Creosote; and 5) EPA 1982. Table 4 summarizes the PAH 
content of some representative petroleum, diesel, heating oils, creosote, and coal tar 
products. When oils are burnt or partially burnt (e.g., crank case oil) the PAH content 
increases, thus waste oils are reported with higher PAHs (see Table 4). 

Additionally, some of the older base maintenance practices may have included use of the 
waste motor oils in the pesticide formulations leading to widespread distribution of PAHs. 
This particular practice is not reported for CNC in existing documentation, however it is one 
that has occurred historically at  many similar DOD facilities. Also, areas that are free of 
industrial activities at the present time may have been impacted by PAH-containing source 
material, such as asphalt pavements or railroad h e s ,  that are currently not present. All 
these potential source materials are likely to have contributed to the PAHs detected at the 
CNC. 

Degradation Rates for PAH in Different Media 
PAHs or ipa tmg from different sources tend to degrade with time. The degradation half- 
life estimates for individual PAH constituents are reported in Howard, et. al., 1991. The 
lighter PAHs (e.g., naphthalene) degrade faster than heavier (e.g., BaP) PAHs. Aerobic 
environment (e.g., surface soil) degrades PAHs faster than anaerobic (e.g., sediments) and 
subsurface environment. Typically, PAWS released into air are likely to degrade within a 



EVALUATION OF BACKGROUND OR REFERENCE VALUE FOR PAHS IN SOILS AT CNC - REVISED DRAFT 1 

very short period of time. Table 3 include the estimated half-lives for individual PAH 
constituents. The half-lives are estimated for individual chemicals, and these rates are 
much slower when PAHs are incorporated into matrix of hardened asphaltic material. 

Degradation rates of PAHs can be affected by a variety of factors, including the number of 
aromatic rings, adsorption onto clays, presence of other PAHs, oxygen concentrations, 
temperature, nutrients, and degradable organic matter. There is extensive technical 
literature available on this subject that should be consulted for more detail. 

PAHs in Grid-based soil samples 
PAHs have been analyzed in a significant number of surface and subsurface soils collected 
at grid locations. The documentation and justification for grid s amphg  locations were 
previously discussed in reports prepared by Ensafe. 

Approximately 212 surface soil samples, and 153 subsurface soil samples with several 
duplicate samples n7ere collected from soils across CNC and analyzed for all PAH 
constituents. A qualitative DQO process has been performed for CNC. Much of the 
complex has asphalt streets and railroad tracks that contribute to the general PAIi 
background. There are a small number of sites with PAH concentrations arising from site- 
specific waste operations. PAH concentrations at sites with potential sources, and sites with 
elevated PAHs will be identified. The chances of both Type 1 errors (false negatives) and 
Type I1 errors (false positives) are minimal because of two factors: -s 

~n PAH sites and nnn-PAH qikps Allring PV -2) the 
large sample size of the background data set. 

Figures l a  and l b  (previously pre~r:~~ted in the initial version of this TM) show ,rid sample 
locations and station identification numbers included for the development of a reference 
value for PAHs at CNC. These grid samples were collected systematically from areas 
outside of known SWMUs/AOC of CNC. Appendix A (previously provided to BCT 
members electronically) includes the analytical data for the PAH constituents from these 
samples. BEQ values were calculated for these sarr.ples. Figures 2a and 2b (previously 
presented in the initial version of this TM) presents the distribution of BEQ concentrations 
across the CNC at background sample locations. 

The BEQ data from these samples were evaluated to determine the nature of the sample 
concentration distribution. Fig-ures 3a through 3f illustrate different graphing techniques 
(referred to as descriptive statistics) to assess the nature of the concentration distribution. 
Figure 3a (surface soil) and 3b (subsurface soil) presents the simple concentration plot of all 
the samples within background data set. The PAH concentration for non-detect samples 
was estimated at half the detection knit, which is EPA's preferred method for addressing 
non-detec t values. 

Figures 3c through 3f present probability plots for normal and log-transformed data. A 
straight-line through the XY coordinates would indicate a normal distribution. None of the 
plots indicates a normal or log-normal distribution. 

Because of a large variation in the concentration levels w i t l ~  the data set, an upper 
confidence limit (UCL) at 95% on the mean could not be established using parametric 
methods (H-statistic by Land's method). This is because the data did not fit a normal 
distribution for either normal or log-transformed data, which is essential in estimating a 
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UCL95% concentration. Because of the high variability, further attempts were not made to 
fit the data to a particular type of distribution. To keep this reference value assessment 
simple and avoid extensive statistical exploratory work required to implement an acceptable 
non-parametric method, a decision was made to proceed following EPA Region IV guidance 
that is in common practice (and SCDHEC's preferred method) and use a value of 2 bmes the 
mean concentration as an estimated reference value for BEQs in surface and subsurface 
soils. 

Development of Reference BEQ Value 
Two sets of mean concentrations were estimated using the grid PAH soil data: 1) the mean 
of detected concentrations only, and 2) a combined mean of the detects and non-detects, 
using a value of half the detection limit for non-detects. This value is referred to as the 
adjusted mean value. Table 5 presents the summary statistics of the grid sample data sets 
for surface and subsurface soils, along with the 2xMean concentration for detect 
concentrations only, and for detects and non-detects using half the detection limit value. The 
more conservative (lower) of the two values is proposed as the CNC reference value. Thus, a 
value of 2 x mean calculated using the adjusted mean value is the proposed PAH reference 
value. All duplicate sample results were removed from the data set before calculating these 
values. 

Data Evaluation Summary 
This section presents several conclusions that can be reached after a review of the data sets 
for the grid and non-grid (AOC and SMWU related) PAH results. 

variability of Sample Detection Limits 
The sample detection limits varied in a similar manner across the data sets (both 
background and site-related) (See Appendix A fox values). The samples from site and 
background data sets identified with a 'U' qualifier flag were similar in the variability of 
their reporting limits. The range of 'U' values was between 340 ug/kg and 4000 ug/kg. The 
highest 'U' value is lower than the maximum detected concentration. 

Variability of Sample Results 
A review of the data quality indicates that analytical methods were the same for 
background and onsite data and the techniques and reporting lirmts met the required data 
quality. Thus, it can be concluded that the observed high variability in results for both site 
and background samples is innate to the soil sample PAHs, and is independent of sample 
location and sampling event. 

Discussion of Additional Factors Suggested by SCDHEC 
SCDHEC provided recommendations for evaluating the PAH data with regard to its spatial 
variability at the CNC. This section presents a summary of these data subsets evaluated. The 
data were separated into several subgroups as per DHEC's suggestion and BEQs were 
estimated for each subgroup. These subgroups are described below. 

GNVIPAHS-BKG-REV1 DOC 
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Background BEQs per zone 
Table 6 presents surface soil grid-sample BEQ results per zone and for all zones. Table 7 
presents subsurface soil grid-sample BEQ results per zone and for all zones (last data set) for 
comparison. As can be noted from these two tables, there is no particular pattern to the 
distribution of the PAHs across different zones. Zones A and B have higher levels than all 
other zones. Zone F, which has a highly industrial area and is adjacent to Zone E, has one of 
the lowest BEQs reported in the background samples. 

One problem in attempting to develop a zone-specific BEQ value is the wide variability in 
the number of grid samples collected in different zones. For example, in Zone F only 5 grid 
samples were collected and analyzed for PAHs. Five samples provides a poor statistical data 
set for this zone and increases the uncertainty regarding decision errors. By contrast, Zone H 
had 96 surface soil grid samples analyzed for PAHs. Typically, for effectively applying 
environmental statistics for developing average site concentrations, at least 12 samples is 
preferred. It can be seen that in addition to Zone F, Zones D and G had fewer than 12 grid 
samples analyzed for PAHs. 

For this reason, CH2M HILL believes that a basewide calculation approach to determining 
background PAH concentrations is a technicaly more defensible approach compared to a 
zone-by-zone calculation. 

Background PAH Concentrations Related to Site Features 
Background BEQs in surface soil along railroad (Rli), roadways, asphalt-paved areas, and 
all other areas combined are summarized in Table 8. This table includes BEQs estimated for 
data identified to be within a TCR and 10 ft buffer zones, roadways and within 10 ft from 
roadways, and asphalt paved parking areas and 10 ft buffer zones. There are 2 samples 
identified within railroad tracks, 20 samples were identified w i h  or near roadways and 50 
samples were identified within asphalt paved areas. As can be noted from the table, there is 
not a significant variability 111 the calculated values between these different groups. 

While the highest calculated values are for the samples collected within 10 ft of railroads, 
there is a limited number of samples (2) in this set, raising questions about the 
representativeness of this value. 

Impact on BEQ Calculation from Removing 10 Highest Samples 
The background BEQs estimated by removing the top 10 highest values are presented in 
Table 9. As can be noted, removal of the lughest concentrations only slighted decreased the 
overall estimated BEQs. Table 10 includes the individual sample IDS and the associated 
BEQ concentrations for these top 10 samples. 

Summary 
Overall BEQ levels do not appear to differ significantly between different ways of looking at 
the data. Where a difference can be observed, there is no particular readily idenhfied 
association/reason for the variability observed. For the reasons previously presented, 
CH2M HILL believes that a basewide value for PAH background will provide the most 
defensible approach and a consistent basis for remedial decision-making and planning. The 

GNVIPAHS-BKG-REV1 DOC 
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values presented in Table 5, calculated using twice the adjusted mean value, are 
recommended as the surface soil and subsurface soil background BEQ values for CNC. 

The proposed reference values could be used for screening evaluations at sites that are being 
investigated, recommended for no further actions, limited removal action or a CMS study. It 
should be noted that a single value estimate does not fully describe the internal variability 
of the data distributions and the occurrence of values well above the 2 x mean values within 
the reference data sets. Therefore, for sites where the reference value is exceeded, further 
evaluation may be considered following EPA Region IV p d a n c e  for background 
evaluations (EPA, 1998). 
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TABLE 1 :BACKGROUND SOIL PAH CONCENTRATIONS IN UNITED STATES 

Chemical Concentration (ugkg) 

Rural Soil Agricultural Soil Urban Soil 

Acenapththene 1.7 6 

Acenapththylene 5 

Anthracene 11-13 

Benzo(a)athracene 5-20 56-1 10 169-59,000 

Chrysene 38.3 78-1 20 251 -640 

Fluoranthene 0.3-40 120-21 0 200-1 66,000 

Fluorene 9.7 

Indeno(l,2,3-c,d)pyrene 10-1 5 63-1 00 8,000-61,000 

Phenanthrene 30 48- 1 40 

Pyrene 1-19.7 99-1 50 145-1 47,000 

Note: This table is adapted from Table 5-3 from ATSDR's Toxicological Profile for Polycyclic Aromatic 
Hydrocarbons (PAHs), August 1995. 
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I Acenaphthene / 

TABLE 2: LIST O f  PAUS COMMONLY REPORTED IN SOIL SAMPLES 

I Anthracene I 

PAH 

1 Bem(a)ant hracene 

I Yes 

Carcinogen? 

I Yes 

TEF for BEQ 

1 Benzo(a)py rene I Yes 

1 Carbarole* 

I Yes 

/ yes 1 0.1 

p~ - 

- Carbazole is included in risk assessment separately; TEF = Toxicity equivalency factor; BEQ = 
benzo(a)pyrene equivalent concentration. 

2-methylnaphthalene 

Naphthalene 

Pyrene 

GNVIPAHS-BKG-REV1 DOC 

No 

No 

No 
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TABLE 3 
Half-Life Estimates for PAHs (in days) 

Media Naphthalene Anthracene Benzo(a)pyrene 

Soil (aerobic) 17 50 57 

Groundwater 1 100 114 

Surface Water ~ 0 . 5  ~ 0 . 1  cO.1 

Air c0.12 <O. 1 <O.l 

Notes: 
Biodegradation half-life estimates in days for surface and subsurface media. Values are the low-end estimates 
selected for comparison between different PAH constituents. 
Surface water attenuation primarily attributed to volatilization and phototysis in the water column. Does not consider 
sediment partitioning (Howard, 1991). 
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TABLE 4: PAH CONTENT OF DIFFERENT POTENTIAL SOURCE MATERIAL AT CNC 

Potential Source PAH Content (mglkg) 

1 European asphalt cements 1 10 I 

Gasoline 

Diesel 

Fuel Oil No. 2 

Used Motor Oil" 

Coal-tarlcreosote 

7.0 

>8O0Ot 

0.07 - BaP 

BaP - <0.1 to 405 

163,000 - 750,000 / (300 to 3600 ppm BaP) 

/ European Coaltar 

US asphalt cements (average 
of 12) 

24 

*' From ATSDR, 1995 I - 

US Low temperature Coal tar 63,160 

- Diesel has mostly di- and trimethyl naphthalenes, with negligible c1 rnglkg of BaP content 
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I T m E  5: PROPOSED PAH REFERENCE VALUES USING 'U'YALUES FOR ADJUSTED MEAN ESTIMATES 

Parameter Name 

I 'surface Soil 
I 
! I 

! 

GNVIPAHS-BKG-REV1 DOC 

Number 
of 

Analysis 

/BENZO(~)FLUORANTHENE 1 212 

CHRYSENE ! 212 

I I I I I 

iINDENO(1.2.3-c,d)PYRENE 153 / 10 1 54 1600 1 341 

I 

289 i 661 
I 

48 

57 

42 j 1700 348 295 1 697 1 590 

576 

597 

593 

607 

Number of 
Detects 

BENZO(a)ANTHRACENE 

BENZO(a)PYRENE 

754 1 603 

I 

Mean 
Detect 

- 

53 21 2 

27 2 

40 

35 1 

43 1 

1213 

I I 

i 
Min Max 

377 

175 

215 

3000 

440 

670 

51 5 

516 

1258 

; BEQ / 1744 1 1367 
I 

Note: ' - Includes non-detects at half of the reported detect~on lirn~t value 
!All values In uglkg 

Adjusted 
Mean 

Value* Detect 

34 

(FENZO(b)FLUORAATHENE 

302 

258 

258 

Subsurface Soil 

36 42 INDENO(1,2,3-c,d)PYRENE 

Detect 

51 , 45 

383 212 1 44 j 49 1800 

! ; BEQ 

21 2 

2X 
Mean of 
Detects 

2100 

2X Adjustec 
Mean Value 

1500 

304 

342 

765 

341 

pp 

299 

296 

683 

68 1 
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FIGURE 38 
Background Subsurface Soil BEQ concentrations piotted against samples 
Charleston Navy Complex 

FIGURE 3E 
Probability Plot of Background Subsurface Soil BEQ concentrations for lognormal transformed data 
Charleston Navy Complex 
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FIGURE 3A 
Background Surface Soil BEQ concentrations plotted against samples 
Charleston Navy Complex 

6000 I 

FIGURE 3C 
Probability Plot of Background Surface Soil BEQ concentrations for lognormal transformed data 
Charleston Navy Cornpiex 
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FIGURE 3D 
Probability Plot of Background Surface Soil BEQ Concentrations of normal data. 
Charleston Navy Complex 

FIGURE 3F 
Probabilib Plot of Background Subsurface Soil BEQs assuming a normal data distribution 
Charleston Navy Complex 
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fable 10: Top BEQ Concentrations Removed 
Matrix 

SB - . .. .- - 

SB 
SB 

E--- - 
SB -- - 
SB -. 

SB 
SB - - . - . - 
SB - 
SB 
SS 
SS 
- 

SS 
SS -- 

SS 
- 

ss 
-- 

?L 
SS 
SS 
SS 

! SumOfBEQ 
4 166.4 - . - .- - 
1848.8 
1519.7 

-- . .- -. 1386.6 
1 27 1.05 - - --- -. - 

.. -- 
1 1 55.5 
1 155.5 

. 1 1 37.16 
I 1 20.835 

1 109.28 
4622 

2277.5 

. -  264.35 
2006.7 

1 955.81 

. 1790.7 

-. - .. ... 1761.06 
1384.98 
1257,!3_ 

1 155.5 

I SomplelD 
GDESB01502 - 
GDBSB00102 
GDESBOI 402 
GDBSB00202 
G D E S B M ) ~ ~ ~ - ' -  - - . - -. 
GDASB00502- 
GDASB01102 
GDCSB00402a 
GDESB00702 
E ~ ~ 0 0 0 1 0 2  
GDESB00401 
GDESB01801 
GDHSB08301 
GDHSB02801 
GDHSBOOl 01 
GDHSB02601 
GDHSBO~~O~-~- -  -- 
GDASBO0M)l 
. G D H S B O ~ ~ ~ ~  
GDBSEDOI 01 

Rank 
1 - 
2 
- -. 

3 . 
4 

, 
5 
6 . . . 
6 
-- 

.- - -. 8 - - 
9 -- 
10 

1 . 
2 
3 

4 -- 

5 
6 

. -. ,- - - -  -. - 6 - 
8 .- - 

9 
10 
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